Smart grid gets more and more popular today. Distributed generation is one of the key technologies, and especially, the integration problem of the distributed generation is an important issue. Especially, the location and capacity of the distributed generation play an important role for the performance of the distribution network. In this paper, an optimization model to minimize the loss cost of the unsatisfied demand is given. This model is based on a reliability computing method which avoiding power flow calculation in a previous work. Then the model is used on the IEEE-123 nodes experiment network and a result of five distributed generation placement is got.
Introduction
The smart grid being more and more popular today and distributed generation is one of the key technologies in it. The distributed generation device is an independent generation, small modular and compatible with the environment whose power is from several kilowatts to 50 megawatt. The power of the distributed generation is owned by the power department, users or the third party, which is used to meet the particular demand of the power system and users. For example, adjusts the peak, supplies the power for remote users and residents, decreases the cost of the power transmission and transformation and improves the reliability of the power supply. The distributed generation is deployed near the users in a distributed way and it's a system which can independently provide power. The distributed generation mainly includes the internal combustion engine micro gas turbine, wind power generation as well as photovoltaic cells which use liquid or gas as the fuel. The distributed generation is an important supplement of self-healing strategy, which plays an important role in peak averting, valley filling and load balancing. However, it also brings about new problems. For example, some types of distributed generation are stochastic, and increase the volatility of the system voltage.
There are many issues concerned in distributed generation problem, among which the optimal integration is one of the important problems. It involves many aspects of factors. It has not only to find a proper optimization objective, but also to analyze various elements like the location, size and type of the distributed generation. Hence, it is a very complicated issue. The location of distributed generation is a location problem in the operations research, and it's an NP (Non-Deterministic Polynomial) problem which needs an appropriate algorithm to solve it. The constraints need to synthesize the influence of distributed generation on power grid when connecting the grid, the equilibrium conditions of power gird and voltage as well as the randomness of distributed generation; while objective function requires comprehensive consideration of operation cost and power consumption.
Related Work
The In recent years, a variety of methods on the optimal integration of distributed generation have been arisen. A main method is establishing an optimization model with multiple indicators as objective function and some characteristics and restrictions of power grid as constraints. The location and the access capacity of the distributed generation can be achieved by solving the optimization model. The most important object among these indicators is to minimize the line loss [1] [2] [3] . In [1] , the authors gave a method of line loss minimization based on analytical method. The mathematical programming method is used in [2] and in [3] the genetic algorithm is adopted. The cost minimization is also an important objective considered frequently. The representation of the cost is different in different situation. For instance, the authors in [4] consider the minimization of the cost from the perspective of distributed generation developers while the authors in [5] consider it from that of operators, both them adopts traditional mathematical optimization methods.
What mentioned above are all single-objective function model and algorithm. For multi-objective programming, in [6] the genetic algorithm based on trust region is given, which optimizes five objectives including minimizing power loss to find the optimal location and size of distributed generation. The randomness of load and distributed generation is considered in [7] . And its objective function is given in the form of probability load current in [8] , in which the authors suppose that there is correlation between distributed generations and loads. The method in [9] is based on the Strength Pareto Evolutionary Algorithm (SPEA), and the objective function contains the simple stochastic simulation of the distributed generation and load, but this method is not superior to the weighted single-objective programming, so the authors suggest to adopting both of the two methods to seek optimal solution set. Literature [10] refers to calculate the optimal operation of distributed generation according to the method of multi-objective programming, with considering the uncertainty of distributed generation (e.g. the wind power) and the relevance between the wind power generation and the weather. Besides, in the literature, the authors represent the changing condition of wind power as time changes by the Markov's transition matrix. The randomness of loads is considered when planning the distributed generation in [11] . All the works above provide various objectives and constrains. In most of these works heuristic algorithms are used to solve the optimization models such as Genetic Algorithm, Simulated Anneal Algorithm, and Particle Swarm Optimization Algorithm, etc. A new method of reliability calculation of the power grid without considering the power flow calculation is proposed in [12] . However, the reliability calculation result is much consistent with the actual reliability. Based on this method, in this paper, an optimization model for minimizing the total loss cost caused by the unsatisfied demand, and the model is used on the IEEE-123 nodes experiment network.
An Optimization Model Based on
Minimum Total Loss Cost Caused by the Unsatisfied Demand
The Basic Model
Suppose there is a main power source supplying power in the micro-grid with N load points, and the capacity of the main power can satisfy all the load points' demand. In order to keep the power grid stable, that is, to keep it run normally when the main power source is out of order or the power load increases suddenly at some nodes, the distributed generation is added. Consider there is M distributed power generations will be integrated into the power grid. Suppose each generation can directly connect to only one load nodes and transport the power to other nodes hop by hop. For the convenience, in this problem, the capacity of each distributed generation and the loads of each point are supposed to be constant and only the active power is considered. Meanwhile, according to the assumption in [12] , an important assumption in this model is that when a node receives power from a distributed generation directly or from other nodes, it satisfies its own demand as much as possible then transport the excess power to its neighbor nodes. Only micro grid is studied in this paper, so the transmission loss is not considered in the model. The model is as follows: Node i gets is less than the demand of node i, the unsatisfied demand of Node i will equal to use i i P P  ; Else, it will equal to 0; nodes is adopted to carry out the simulation test, the load and weight of the nodes are both constant and the units of the nodes' load and the capacity of the distributed generation are all kilowatt (kW). The network structure is shown in Figure 1 , and the parameters of the nodes are shown in Table Node i gets is more than or equal to its demand, the residual energy of Node i will equal to ; Else, it will equal to 0. We establish a model according to the method proposed in this paper, and solve it by Lingo. The results of the distributed generation's placement and power transmission are as follows. The place result of the distributed generation is shown in Figure 2 and the result of the power transmission (direction and size) between the nodes is shown in Table 2 . The final value of the objective function (that is the total loss cost) is: 6868.2. And 
Solution and Simulation
 Distributed generation P3 is placed on the node 160; In this paper, the standard testing network of IEEE-123 
Conclusion
The optimal integration problem of distributed generation is one of the key issues of the smart power grids. In this paper we propose an optimization model of placing the distributed generation, aiming to minimize the total loss cost caused by the unsatisfied power of every node. Meanwhile, we use this model to a five distributed power generation placement problem on the network of IEEE-123 nodes. The result of the distributed generation placement and the power transmission is got.
